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Rotifera density, biomass, and secondary production on twomarginal lakes of Paranapanema River were
compared after the recovery of hydrologic connectivity with the river (S ~ao Paulo State, Brazil). Daily
samplings were performed in limnetic zone of both lakes during the rainy season immediately after
lateral inﬂow of water and, in the dry period, six months after hydrologic connectivity recovery. In order
to identify the factors that affect rotifer population dynamics, lake water level, volume, depth,
temperature, transparency, dissolved oxygen, pH, alkalinity, conductivity, suspended solids, nutrients,
and chlorophyll-awere determined. Variations of water physical and chemical factors that affect rotifer
population were related to the lake-river degree of connection and to water level rising after drought.
The water lateral inﬂow from the river resulted in an increase in lake water volume, depth, and
transparency and a decrease in water pH, alkalinity, and suspended solids. The lake with the wider river
connection, more frequent biota exchange, and larger amount of particulate and dissolved materials was
richer and more diverse, while rotifer density, biomass, and productivity were lower in both periods
studied. Density, biomass, and secondary production were higher in the lake with the smaller river
connection and the higher physical and chemical stability. Our results show that the connectivity affects
the limnological stability, associated to seasonality. Stable conditions, caused by low connectivity in dry
periods, were related with high density, biomass and secondary production. Conversely, instability
conditions in rainy periods were associated to elevated richness and diversity values, caused by
exchange biota due to higher connectivity.
& 2008 Elsevier GmbH. All rights reserved.Introduction
River water level ﬂuctuations inﬂuence ﬂoodplain lakes
distinctly depending on lake–river connection type, temporary
or permanently, and on lentic ecosystem morphology, position
and size (Junk 1980). Water physical and chemical characteristic
variations can affect species richness and abundance in aquatic
environments as well as the population dynamics and the
productivity patterns.
The inﬂuence of environmental factors on the rotifer assem-
blage had been focused in several investigations (Hoffman 1977;
Kirk and Gilbert 1990; Pollard et al. 1998). Nutrients, primary
production, temperature, abundance of predators and competi-
tors, and potential food resources has been indicated as important
factors inﬂuencing the structure of the rotifer community
(Devetter 1998).. All rights reserved.
: +55143811-6062.Eutrophication process can strongly affect population dy-
namics, production and community structure of zooplankton.
Such trophic changes in lake ecosystems are often favorable for
rotifers (Gannon and Stemberger 1978; Cajander 1983). Several
studies have provided relationships of rotifers and the trophic
state (Gannon and Stemberger 1978; Berzins and Pejler 1989;
Maemets 1983; Sladecek 1983).
Studies on biomass and productivity of rotifers have been
undertaken specially in temperate lakes and reservoirs (Dumont
et al. 1975; Bottrell et al. 1976). In Brazil, although rotifers
predominates in most aquatic environments, several authors have
estimated biomass and secondary production in reservoirs (Okano
1994; Wisniewski 1998; Rodriguez and Matsumura-Tundisi 2000,
Sendacz et al. 2006; Bonecker et al. 2007). Few studies have
considered productivity in lateral environments connected to
watercourses and subjected to water level variations.
The Paranapanema River mouth zone in the Jurumirim
Reservoir (S~ao Paulo, Brazil) is rich in marginal lakes linked to
the river, but undergo annual water level variations that affect
water transparency, turbidity, and oxygenation (Henry 2003;
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species richness in Jurumirim Reservoir (Panarelli et al. 2003) and,
in the Paranapanema River mouth zone into this Reservoir
(Casanova 2000).
The aim of this study was to compare the abundance, richness,
biomass, and secondary production of Rotifera in two marginal
lakes after hydrologic connectivity recovery and to determine
abiotic factors correlated with population dynamics. We evaluate
the hypothesis that the seasonality affects connectivity, altering
the hydrological stability of the lakes and as a consequence, the
rotifer population structure.Material and methods
Paranapanema River is one of the larger tributaries of
Parana River Basin, the second bigger basin in South America.
Since 1950 many water reservoir of many power plants were
made, totalizing now a days 11 reservoirs in water course.
Jurumirim Reservoir is the ﬁrst big reservoir of cascade series,
and so is the most studied among all reservoirs. A limnological
synthesis about this reservoirs can be found in Henry and
Nogueira (1999).
This study was conducted in two marginal lakes in the mouth
zone of Paranapanema River in the Jurumirim Reservoir (Fig. 1).
Coqueiral Lake has larger surface area (641,263.1m2), volume
(1,012,957.4m3) and wider river connection, but lower mean
depth (1.8m) than Camargo Lake (surface area: 224,465.0m2;Fig. 1. Coqueiral and Camargo Lake sampling sites (S~ao Paulo State, Brazil).volume: 719,867.0m3 and mean depth: 3.5m). Except during a
prolonged drought period from October 1999 to December 2000,
the two lakes are permanently connected to Paranapanema River
(Henry et al. 2006).
Sampling was carried out in the limnetic zone near the river
channel connection site for 15 days during the rainy (from January
11 to 25, 2001) and the dry seasons (from July 0 to 17, 2001),
corresponding to the periods of connectivity recovery and
hydrologic stability of lakes with river. Measurements of water
temperature (Toho Dentam ET-3 thermistor), transparency (Secchi
disk), dissolved oxygen (Winkler method, modiﬁed by Golterman
et al. 1978), pH (Micronal B-380 pH meter), alkalinity (H2SO4
0.01N titration, Mackereth et al. 1978), electrical conductivity
(Hach 2511 conductivimeter, data corrected for 25 1C), suspended
and organic particulate matter (gravimetry according to Teixeira
and Kutner 1962), and chlorophyll-a (acetone 90% extraction
after Golterman et al. 1978) were performed. Total nitrogen
and phosphorus (Valderrama 1981), ammonium (Koroleff 1976),
nitrate and nitrite (Mackereth et al. 1978), and dissolved total and
inorganic phosphate (Strickland and Parsons 1960) were analyzed
in water samples collected only on the 1st, 5th, 10th, and 15th
days of both periods.
Rainfall data from a meteorological station in Paranapanema
municipality located 20km from the lakes were supplied by the
Water and Electric Power Department. Paranapanema River daily
water levels follow the same Jurumirim Reservoir water level
change patterns (Pompeo et al. 1999) and data were provided by
the Duke Energy Company. The water volume of both studied
lakes was estimated daily by extrapolation from Coqueiral and
Camargo Lake hypsographic curves (Henry 2005) considering the
daily water level variation.
Integrated zooplankton samples of water column were collected
with a suction pump (Sthill P835) and ﬁltered into a 55-mm mesh
net. The organisms were narcotized by CO2 saturation and ﬁxed
with 4% formaldehyde. Quantitative analysis and measurements
of organisms for biovolume calculation were carried out in a
common optical microscope (Carl Zeiss standard 25, at 100
magniﬁcation) in a Sedgwick–Rafter chamber. To determine rotifer
species composition, horizontal hauls were made using a 55-mm
mesh net. Identiﬁcation was based on Koste (1978), Nogrady (1993),
Nogrady and Segers (2002) and Segers (1995).
Rotifer species biomass was computed from the most abun-
dant species in each lake. Biovolumes were calculated using
equations based on geometrical formulae best ﬁtting each body
shape (Ruttner-Kolisko 1977). Length, width, and height data
of around 30 organisms of each selected species, randomly
chosen, were measured and applied to the equation. Biovolume
was converted to fresh weight assuming a speciﬁc density of 1.0
(106). The fresh weight was converted to dry weight (Bottrell
et al. 1976; Pauli 1989).
Egg development time (De) (Bottrell et al. 1976), birth
rate (B) (Edmondson 1960), instantaneous birth rate (b) (Ed-
mondson 1960; modiﬁed by Paloheimo 1974), instantaneous
population growth rate (r) (Edmondson 1968), instanta-
neous mortality rate (d) (Edmondson 1960) were computed.
Secondary production of the main rotifer species was estimated
by the recruitment method (Elster 1954; Edmondson
and Winberg 1971).
Analysis of variance (ANOVA) and Tukey post hoc test
were performed to compare total abundance, richness,
biomass, and productivity between lakes and periods (n ¼ 15;
a ¼ 0.05). The data were log (x+1) transformed. Relation-
ships between rotifer total abundance, biomass, and productivity
and environmental parameters were determined through
a canonical correlation analysis (CCA) (R Development Core
Team 2006).
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Environmental parameters
Hydrologic connectivity between both lakes and Paranapane-
ma River was recovered in December 2000 after the beginning
of rainfalls. Coqueiral Lake volume increased from 329,211m3 on
January 11 to 567,256m3 on January 25 and Camargo Lake from
259,152m3 on January 11 to 352,735m3 on January 25 (Fig. 2A).
Depth and water transparency increased in both lakes (Fig. 3),
while the volume (Fig. 2B) and depth variation (Fig. 3) of both
lakes were insigniﬁcant in July. In relation to water transparency,
an increasing trend was observed for Coqueiral Lake, but not for
Camargo Lake in July.
Water temperature, dissolved oxygen, alkalinity, and electrical
conductivity values were higher at Camargo Lake in January
(Fig. 4). Alkalinity and electrical conductivity showed large
differences between the two lakes (0.461 and 0.728mEqL1, and
68 and 98mS cm1 for Camargo and Coqueiral Lakes, respectively).
Similar water temperature, alkalinity, and electrical conductivity
values were observed in both lakes in July. In this period, mean
dissolved oxygen concentrations were higher in Camargo Lake
(7.76mgL1) than in Coqueiral Lake (5.68mgL1).
Higher suspended matter concentrations occurred in Camargo
Lake in both periods. Inorganic particulate matter predominated in
both lakes in January (Fig. 5A and B). In July, organic particulate
matter predominated in both lakes for the most time, even though
inorganic matter predominated in some dates (July 12–14) (Fig. 5C
and D).
The Camargo Lake chlorophyll-a content was higher in the ﬁrst
6 sampling days on January, reaching 44.5mg L1 on January 16.
On January 17, it decreased to 11mg L1, a value similar to the
chlorophyll-a amounts recorded for Coqueiral Lake in all the study
period (Figs. 5A and B). The lowest mean concentrations of both
lakes were found in July, 3.54 and 6.83mg L1 for Coqueiral and
Camargo Lakes, respectively (Figs. 5C and D).
The highest values of total phosphorus, dissolved total
phosphate, and ammonia mean concentrations were detected in
Camargo Lake in January (Table 1). Similar dissolved inorganic
phosphate, total dissolved phosphate, total nitrogen and nitrite
concentrations occurred for both lakes and only nitrate was higher
in Coqueiral Lake. Except for higher total nitrogen and nitrate
mean values in Coqueiral Lake, nutrient concentrations were
similar in both lakes in July.The Rotifera community
The 90 Rotifera taxa recorded throughout the study belong to
21 families and 38 genera. Lecanidae had the highest number ofFig. 2. Lake volume variation (m3) from January 11 to 25 (A) and fromtaxa (20), followed by Trichocercidae (9) and Brachionidae (8)
families. Coqueiral Lake presented 88 taxa, while Camargo Lake,
only 39 taxa (Table 2).
The highest species richness was observed in Coqueiral Lake
(Fig. 6A). In January, it ranged from 22 to 48 taxa, while in
Camargo Lake it was low, with a little increase occurring from
January 19 on. In July, increasing richness was observed in
Coqueiral Lake, from 25 taxa on the ﬁrst 4 days to 30–35 taxa
on July 12–14. Camargo Lake presented a mean richness of 16 taxa
and little variation during the whole sampling period.
Rotifers were abundant in Camargo Lake (Fig. 6B).
An abundance ‘‘peak’’ was detected on January 15 (2,675,450 ind.
m3) and, total density decreased from January 16 on. Coqueiral
Lake abundance ranged from 4785 on January 1 to 54,000 ind.m3
on January 18. Between July 3 and 9, the Camargo Lake
rotifer abundance increased, reaching 1,263,880 ind.m3 at the
end of ﬁrst sampling week. From July 10 to 25, abundance varied
from 459,820 to 931,190 ind.m3. Coqueiral Lake abundance
ranged from 18,640 to 36,192 ind.m3 on the ﬁrst 7 sampling
days of July, with the highest number of rotifers (52,837 ind.m3)
on day 10.
Rotifer biomass and productivity were higher in Camargo Lake
than in Coqueiral Lake (Figs. 7A and B). The highest mean biomass
(35.28mgDWm3) and productivity (9.36mgDWm3day1) were
observed in Camargo Lake in January, in contrast to maximum
values on July (23.66mgDWm3 and 3.79mgDWm3day1,
respectively). However, Coqueiral Lake means were higher in July
(1.65mgDWm3 and 0.21mgDWm3day1) than in January
(0.94mgDWm3 and 0.047mgDWm3day1).
In January, Brachionus dolabratus, Conochilus coenobasis, and
Keratella tropica presented the highest biomasses in Camargo
Lake, with the largest value (26.8mgDWm3) for B. dolabratus
(Table 3). This species also showed the highest productivity value
(7.7mgDWm3 day1) in January. Epiphanes clavatula and
Plationus patulus presented the highest biomass values, while
the highest productivity was found for P. p. macracanthus,
P. p. patulus, Brachionus quadridentatus, and Conochilus natans
(o0.2mgDWm3 day1) in Coqueiral Lake.
Polyarthra vulgaris and Kellicottia bostoniensis presented the
highest biomass and productivity values in July on Camargo Lake
(Table 3). The Coqueiral Lake species with the highest mean
biomass and productivity was P. vulgaris, followed by Synchaeta
pectinata.
Abundance, richness, biomass, and productivity were signiﬁ-
cantly different for both lakes and periods (Po0.001). Temporal
differences for Camargo Lake abundance (q ¼ 1.817; p ¼ 0.577),
biomass (q ¼ 0.811; p ¼ 0.940), and productivity (q ¼ 0.797;
p ¼ 0.942) were not signiﬁcant, only richness (q ¼ 10.463;
po0.001). Coqueiral Lake richness (q ¼ 5.754; po0.001), biomass
(q ¼ 3.905; p ¼ 0.038), and productivity (q ¼ 6.367; po0.001)July 3 to 17, 2001 (B) ((K) Camargo Lake and (J) Coqueiral Lake).
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but not abundance (q ¼ 2.375; p ¼ 0.344).
The two ﬁrst axes of CCA explained 94% and 97% of data total
variance on Camargo (r ¼ 0.948) and Coqueiral (r ¼ 0.914) Lakes,
respectively (Fig. 8). In both lakes, scores evidenced a data
distribution in two groups. On Camargo Lake, the ﬁrst canonical
variable showed a positive relationship of samplings from
beginning of January with water temperature, pH, electrical
conductivity, alkalinity, chlorophyll-a and suspended matter and,
negative with transparency and depth. Data from the end of
January and, of all the July values were related positively to
transparency, depth and dissolved oxygen. Rotifers biomass
and productivity showed a correlation with samplings from the
initial period and, density with ﬁnal (Fig. 8A). On Coqueiral lake,
the ﬁrst canonical variable showed a positive relationship
between samplings of January with temperature, pH, electrical
conductivity, alkalinity, chlorophyll-a and suspended matter.
July samplings were positively correlated with transparency
and depth. Rotifers densities on Coqueiral Lake were related to
January, and biomass and productivity to July samplings (Fig. 8B).Discussion
Most studies on rotifer population dynamics in Brazil were
carried out in reservoirs and lakes (Okano 1994; Rodriguez and
Matsumura-Tundisi 2000) and little information is available for
lacustrine environments connected to rivers and submitted to
large water volume variations (Bonecker et al. 2002; Aoyagui and
Bonecker 2004).The two lakes studied are permanently connected to Para-
napanema River and are subjected to annual water level
ﬂuctuations of around 2.7–3.0m (Henry et al. 2006). However,
a prolonged drought period (14 months, from October 1999 to
December 2000) led to the isolation of lateral lakes usually
connected to the river. This isolation process caused some changes
in the characteristics of each lateral lake as a function of the
degree of connection with the river. As a result of bottom
topography, Coqueiral Lake was segmented into some small
isolated water bodies during the prolonged drought period, while
Camargo Lake presented only depth reduction (Henry 2005; De
Nadai and Henry 2009).
An increase in lake volume and depth in January 2001 occurred
following intense rainfall (total 411mm) in the two previous
months. This resulted in an increase of the Paranapanema River
level and the recovery of connectivity with the lakes in late
December. The water volume of Coqueiral Lake, which has a wide
connection to the river, doubled after lateral inﬂow from river.
During the long isolation period, a natural eutrophication
process occurred in Camargo Lake. Alkalinity, pH, electrical
conductivity, suspended matter in water, chlorophyll-a, dissolved
oxygen, total phosphorus and nitrogen increased the end of
prolonged drought (Panarelli 2004), in contrast to transparency.
After the river connection was reestablished, there was a gradual
modiﬁcation of the lake environmental characteristics, with an
increase in volume, depth, and water transparency and a decrease
in suspended matter, alkalinity, conductivity, and nutrient and
chlorophyll-a concentrations due to a dilution effect. Similar,
but less intense modiﬁcations were also detected in Coqueiral
Lake (Panarelli 2004). Six months after the recovery of the river
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Fig. 4. Water temperature (A, 1C), dissolved oxygen (B, mg L1), alkalinity (C, mEq L1), and electrical conductivity (D, mS cm1) of Camargo (&) and Coqueiral Lakes (J)
from January 11 to 25 and from July 3 to 17, 2001.
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and some environmental parameters were recorded in the two
lakes, since both lakes attained apparent hydrologic stability.
Lateral lakes of the Paranapanema River mouth zone in the
Jurumirim Reservoir present a high rotifer richness (Henry 2003),
compared to the other groups (Casanova 2000). Dominance of
Lecanidae, Brachionidae, and Trichocercidae families are typical in
South America ﬂoodplains (Vasquez and Rey 1989; Lansac-Toha
et al. 1997; Bonecker et al. 1998; Aoyagui and Bonecker 2004) and
reservoirs (Segers and Dumont 1995).
The hydrologic stability of Camargo Lake in July is the
determining factor of rotifer richness (29 taxa), when comparedwith the initial period of recovery of connectivity in January
(11 taxa). Progressive increase of Rotifer richness was detected in
Camargo Lake with a reduction of abundance in January, probably
related to the lateral water inﬂow from Paranapanema River.
Similar observations were made for Cladocera, because of the
more eutrophic characteristics immediately after the reconnec-
tion with the river (Panarelli 2004). According to Ruttner-Kolisko
(1974), in eutrophic environments, where food is a limiting factor,
the number of rotifer species decreases, while the density
increases.
A statistically signiﬁcant difference between periods was found
for richness in Coqueiral Lake, but not for abundance, although
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Fig. 5. Organic (in black), inorganic (in grey) suspended matter (mg L1) and chlorophyll-a (lines) (mg L1) in Coqueiral and Camargo Lakes from January 11 to 25 (A, B) and
from July 3 to 17, 2001 (C, D).
Table 1
Mean total and dissolved nutrient concentrations in Coqueiral (Coq) and Camargo
(Cam) Lakes from January 11 to 25, 2001 and from July 3 to 17, 2001.
Lake January July
Total phosphorus (mg L1) Coq 30 7
Cam 71 5
Total nitrogen (mg L1) Coq 254 129
Cam 248 84
Inorganic phosphate (mg L1) Coq 11 6
Cam 8 6
Total dissolved phosphate (mg L1) Coq 17 14
Cam 18 12
Nitrate (mg L1) Coq 62 25
Cam 6 2
Nitrite (mg L1) Coq 1 1
Cam 1 1
Ammonium (mg L1) Coq 10 13
Cam 26 13
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permanent water exchange with Paranapanema River.
Through the CCA analysis, it can be concluded that the
connection degree of lakes with river was the main factor
controlling the rotifers population dynamics, but aging differently
in each lacustrine environment. On Camargo Lake, a lake with a
narrow connection, the rotifer population attributes were mainly
affected by eutrophication process. On Coqueiral Lake, a lake
having wide connection with river, the exchange process of biotic
and abiotic materials was the factor determining community
structure.
Trophic degree of Camargo Lake was evidenced through the
high values of rotifers biomass and productivity on January.Positive correlations between community attributes with water
pH, electrical conductivity, alkalinity, chlorophyll-a and sus-
pended matter were observed. High population densities of
rotifers are frequently attributed to eutrophic conditions of lakes
(Makarewicz and Likens 1979; Orcutt and Pace 1984).
The highest biomass and secondary production values
observed in January on Camargo Lake were attributed to
B. dolabratus, C. coenobasis and K. tropica. The occurrence of
Brachionus is related to water eutrophic conditions (Gannon and
Stemberger 1978; Sladeceˇk 1983). Duggan et al. (2001) exploring
the potential use of rotifer species as bioindicators of lake trophic
state in New Zealand found that B. budapestinensis, B. calyciﬂorus,
Filinia longiseta, Keratella slacki, K. tecta and K. tropica were
associated with high trophic state. In Brazil, Sendacz et al. (1985)
associated the abundance of Brachionus to more eutrophic
environments in reservoirs in Southeast of S~ao Paulo State.
On Camargo Lake, biomass values were positively correlated
with water transparency, depth and dissolved oxygen concentra-
tions on July and, probably due to P. vulgaris, K. bostoniensis and
S. pectinata contributions. According to Hoffman (1977), dissolved
oxygen plays an important role in the occurrence and abundance
of rotifer species.
K. bostoniensis, P. vulgaris, and S. pectinata contributed to rotifer
total productivity in response to the water physical and chemical
characteristics of Camargo Lake during the hydrologic stability
period (July).
Wide connection of Coqueiral Lake with Paranapanema River
was the main controlling factor on rotifers community structur-
ing. Hydrologic instability of the lacustrine environment due to
water lateral inﬂow from the river determined the high species
richness in January.
The Coqueiral Lake abundance is signiﬁcantly high in the dry
period (July), as previously recorded by Casanova (2000). The high
relative abundance of rotifers in Coqueiral Lake in July was
attributed to P. vulgaris and S. pectinata. The biomass and
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Table 2
Presence (*) and absence ( ) of rotifer species in Camargo and Coqueiral Lakes in January and July 2001.
Camargo
Lake
Coqueiral
Lake
Camargo
Lake
Coqueiral Lake
Jan Jul Jan Jul Jan Jul Jan Jul
Anuraeopsis ﬁssa (Gosse, 1851) * * * Lecane ludwigii (Eckstein, 1883) * *
Ascomorpha ecaudis Perty, 1850 * * * * Lecane luna (Mu¨ller, 1776) *
Ascomorpha ovalis (Bergendal, 1892) * * Lecane lunaris (Ehrenberg, 1838) * * *
Asplanchna brightwelli Gosse, 1850 * Lecane monostyla (Daday, 1897) * *
Bdelloidea * * * Lecane papuana (Murray, 1913) *
Brachionus angularis angularis Gosse, 1851 * * Lecane pyriformis (Daday, 1905) *
Brachionus angularis chelonis Ahlstrom, 1940 * * Lecane quadridentata (Ehrenberg, 1838) (Ehrenberg, 838)
Brachionus caudatus Barrois & Daday, 1894 * Lecane stenroosi (Meissner, 1908) *
Brachionus dolabratus Harring, 1914 * * Lecane stichaea Harring, 1913 * *
Brachionus falcatus Zacharias, 1898 * * Lecane thienemanni (Hauer, 1938) * * *
Brachionus mirus Daday, 1905 * * * Lecane sp. * *
Brachionus q. quadridentatus Hermann, 1783 * Lepadella sp. * * *
Brachionus quadridentatus mirabilis Daday, 1897 * Lophocaris oxysternon (Gosse, 1851) * *
Cephalodella gobio Wulfert, 1937 * * * Monommata sp. * *
Cephalodella spp. * * * Mytilina acanthophora Hauer, 1938 *
Collotheca sp. * * * Mytilina bisulcata (Lucks, 1912) *
Colurella sp. * * * Mytilina sp. * * *
Conochilus coenobasis (Skorikov, 1914) * * * * Mytilina ventralis macracantha (Gosse, 1886) (Gosse, 1886) *
Conochilus natans (Seligo, 1900) * Notommata spp. *
Conochilus unicornis Rousselet, 1892 * * * * Plationus patulus (Mu¨ller, 1786) * * *
Dicranophoroides caudatus (Ehrenberg, 1834) * * * Plationus patulus var. macracanthus (Daday, 1905) * *
Dipleuchlanis propatula (Gosse, 1886) * * Platyias quadricornis (Ehrenberg, 1832) * *
Epiphanes clavatula (Ehrenberg, 1832) * Ploesoma truncatum (Levander, 1894) *
Euchlanis dilatata Ehrenberg, 1832 * Polyarthra vulgaris Carlin, 1943 * * * *
Euchlanis triquetra Ehrenberg, 1838 * Pompholix triloba Pejler, 1957 *
Euchlanis sp. * Ptygura sp. *
Filinia longiseta (Ehrenberg, 1834) * * Scaridium sp. *
Filinia terminalis (Plate, 1886) * * Sinantherina spinosa (Thorpe, 1893) * *
Gastropus stylifer Imhof, 1891 * * * Squatinella sp. * *
Hexarthra spp. * * Synchaeta pectinata Ehrenberg, 1832 * * *
Kellicottia bostoniensis (Rousselet, 1908) * * * Synchaeta stylata Wierzejski, 1893 * * *
Keratella americana Carlin, 1943 * * * * Testudinella brycei Hauer, 1938 * *
Keratella cochlearis (Gosse, 1851) * * * * Testudinella patina mucronata (Gosse, 1886) *
Keratella cochlearis tecta * * * Testudinella patina patina (Hermann, 1783) (Hermann, 1783) *
Keratella lenzi (Hauer, 1953) * * * * Testudinella patina trilobata (Anderson & Shepard, 1892) * *
Keratella tropica (Apstein, 1907) * * * * Trichocerca bicristata (Gosse, 1887) * *
Lecane bulla (Gosse, 1851) * * Trichocerca cf. brasiliensis Murray, 1913 * *
Lecane closterocerca (Schmarda, 1859) * * * Trichocerca cf. gracilis (Tessin, 1890) * *
Lecane cornuta (Mu¨ller, 1786) * * Trichocerca cf. insignis (Herrick, 1885) * *
Lecane curvicornis (Murray, 1913) * * * Trichocerca cf. mollis Edmondson, 1936 *
Lecane decipiens (Murray, 1913) * * Trichocerca porcellus (Gosse, 1886) * *
Lecane elsa Hauer, 1931 * Trichocerca cf. pusilla (Lauterborn, 1898) * *
Lecane furcata (Murray, 1913) * * * Trichocerca similis (Wierzejski, 1893) *
Lecane hamata (Stokes, 1896) * * Trichocerca spp. * * *
Lecane leontina (Turner, 1892) * * Trichotria tetractis (Ehrenberg, 1830) (Ehrenberg, 1830) *
Fig. 6. Rotifer species richness (A, taxa number) and total abundance (B, indm3) in Camargo (square) and Coqueiral (circle) Lakes in January (white) and July (black).
S.M.C. Casanova et al. / Limnologica 39 (2009) 292–301298productivity of rotifers were inversely related to suspended
matter. According to Carvalho (1983), suspended particles may
act on zooplankton in different ways. The large amount ofsuspended matter may obstruct zooplankton respiratory and
swimming apparatuses and reduce light penetration, and thus
phytoplankton productivity.
ARTICLE IN PRESS
Fig. 7. Rotifer total biomass (A, indm3) and secondary production (B, mgDWm3 day1) in Camargo (square) and Coqueiral (circle) Lakes in January (white) and July
(black).
Table 3
Mean biomass (B,mgDWm3) and secondary production (P, mgDWm3 day1) of the main rotifer species in Camargo and Coqueiral Lakes in January and July 2001.
Species Camargo Lake Coqueiral Lake
January July January July
B P B P B P B P
Ascomorpha ecaudis – – – – 0.026 – 0.02 –
Ascomorpha ovalis – – – – – – 0.16 –
Brachionus dolabratus 26.8 7.7 – – – – – –
Brachionus falcatus 0.76 0.45 – – – – – –
Brachionus quadridentatus mirabilis – – – – 0.029 0.008 – –
Conochilus coenobasis 3.8 0.038 – – – – 0.039 0.00004
Conochilus natans – – – – 0.028 0.0036 – –
Collotheca sp. – – 0.51 0.27 – – – –
Epiphanes clavatula – – – – 0.22 – –
Gastropus stylifer – – 1.53 – – – 0.2
Keratella americana 0.15 0.014 0.41 0.13 – – – –
Kellicottia bostoniensis – – 5.77 1.13 – – 0.016 0.0042
Keratella cochlearis 0.058 0.03 0.78 0.061 0.007 0.0025 0.014 0.0011
Keratella tropica 3.0 1.1 – – – – – –
Lecane bulla – – – – 0.034 – – –
Lecane cornuta – – – – 0.008 – – –
Lecane curvicornis – – – – 0.025 – – –
Lecane quadridentata – – – – 0.015 – – –
Plationus p. macracanthus – – – – 0.025 0.014 – –
Plationus patulus – – – – 0.13 0.017 – –
Polyarthra vulgaris 0.12 0.019 7.7 1.15 0.039 0.001 0.69 0.11
Synchaeta pectinata – – – – – – 0.26 0.094
Synchaeta spp. – – 2.4 1.1 – – – –
Testudinella p. patina – – – – 0.029 – – –
Testudinella p. trilobata – – – – 0.012 – – –
Trichocerca porcellus – – – – – – 0.019 –
Trichocerca similis – – – – – – 0.018 –
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with Camargo Lake biomass (7.8mgDWm3) 11-fold higher than
that of Coqueiral Lake. Similar biomass values were recorded by
Sendacz et al. (2006) in two reservoirs in the High Tieteˆ Basin (S~ao
Paulo, Brazil), ranging from 2.3 to 6.5mgDWm3 in Guarapir-
anga, a eutrophic reservoir, and from 0.53 to 0.72mgDWm3 in
Ponte Nova, an oligotrophic reservoir. P. vulgaris can also be
considered as one of most important rotifer species in the
‘‘lacustrine’’ zone of Jurumirim Reservoir (Panarelli et al. 2003),
as well as in Paranapanema River marginal lakes as a function of
its high abundance, biomass, and productivity.
The rotifer community biomass in Brazilian reservoirs appears
to be related to water trophic level. Bonecker et al. (2007)
recorded biomass values from 0.01 to 11.52mgDWm3 with
increasing trophic level in three reservoirs in Parana State (Brazil).Sendacz et al. (2006) found values ranging from 10 to 44mgDW
m3 for a eutrophic reservoir (Guarapiranga) and from 1.4 to
1.9mgDWm3 for an oligotrophic reservoir (Ponte Nova). Rotifer
biomass in Camargo Lake (423mgDWm3) was higher than
those of Parana State reservoirs, but similar to Guarapiranga
Reservoir values. These data are a reﬂection of the eutrophic
waters of Camargo Lake. Coqueiral Lake rotifer biomass (o2mg
DWm3) was similar to that of Ponte Nova Reservoir, an
oligotrophic reservoir.
Coqueiral Lake productivity was lower than that of Camargo
Lake in both periods, probably due to the water exchange with the
river. Herbivorous and predator rotifer productivity had the same
magnitude (0.09–10.5mgDWm3 day1) as those of different
freshwaters in the world as recorded by Wetzel (1993), except of
Coqueiral Lake in January (0.05mgDWm3 day1).
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Fig. 8. Canonic correlation analyses between abiotic variables and rotifer abundance, biomass and productivity in Camargo and Coqueiral lakes during two sampling
periods (Ja ¼ January, Ju ¼ July, numbers 1–15 are days of sampling).
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with high allochthonous organic load, Okano (1994) found that
the biomass (2.46mgDWm3) and productivity (0.22mgDWm3
day1) of three rotifer species (B. falcatus, Keratella cochlearis,
and F. longiseta) were higher than Camargo Lake values. These
values, conversely, were lower than those of the eutrophic Barra
Bonita Reservoir (S~ao Paulo, Brazil) (30–260mgDWm3 day1)
(Wisniewski 1998). After the recovery of the lake connectivity
with Paranapanema River, the rotifer biomass and productivity of
Coqueiral Lake, a reduced trophy environment, had a magnitude
similar to those of Barra Bonita Reservoir. Rodriguez and
Matsumura-Tundisi (2000) found a Filinia pejleri and Keratella
americana productivity value of 0.12mgDWm3 day1 in dry
season, slightly higher than that of Coqueiral Lake. Thus, the large
rotifer production variability in different Brazilian aquatic envir-
onments is related to the system type and the trophic level.
Our results show that the connectivity affects the limnological
stability, associated to seasonality. Stable conditions, caused by
low connectivity especially in dry periods, were related with high
density, biomass and secondary production. Conversely, instabil-
ity conditions in rainy periods were associated to elevated
richness and diversity values, caused by exchange biota due to
higher connectivity.Acknowledgements
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